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(54) Method and apparatus for controlling piezoelectric vibratory parts feeder 



(57) An apparatus for controlling a piezoelectric vi- 
bratory parts feeder (10) comprises a piezoelectric vi- 
brating unit (14) provided with a piezoelectric vibrating 
element (1 6) that vibrates at a predetermined frequency, 
a bowl (12) adapted to discharge parts accommodated 
therein by means of the piezoelectric vibrating unit (14), 
a driving circuit (20) for driving the piezoelectric vibrating 
element (1 6), and a control unit (22) for outputting a driv- 
ing signal to the driving circuit (20) to cause a predeter- 



mined driving. The control is performed by idling the 
driving of the piezoelectric vibrating element (16) tem- 
porarily at every predetermined driving cycles thereof 
and controlling the vibration of the piezoelectric vibrating 
element (16) based on a signal obtained therefrom by 
its piezoelectric effect during the idling period, for in- 
stance, based on a phase difference between a wave- 
form of this signal and the driving signal of the driving 
circuit. 
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(54) Method and apparatus for controlling piezoelectric vibratory parts feeder 



(57) An apparatus for controlling a piezoelectric vi- 
bratory parts feeder (10) comprises a piezoelectric vi- 
brating unit (14) provided with a piezoelectric vibrating 
element (1 6) that vibrates at a predetermined frequency, 
a bowl (12) adapted to discharge parts accommodated 
therein by means of the piezoelectric vibrating unit (14), 
a driving circuit (20) for driving the piezoelectric vibrating 
element (1 6), and a control unit (22) for outputting a driv- 
ing signal to the driving circuit (20) to cause a predeter- 



mined driving. The control is performed by idling the 
driving of the piezoelectric vibrating element (16) tem- 
porarily at every predetermined driving cycles thereof 
and controlling the vibration of the piezoelectric vibrating 
element (16) based on a signal obtained therefrom by 
its piezoelectric effect during the idling period, for in- 
stance, based on a phase difference between a wave- 
form of this signal and the driving signal of the driving 
circuit. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] This invention relates to a method of and an 
apparatus for controlling a piezoelectric vibratory parts 
feeder which feeds various types of parts by vibration of 
a piezoelectric vibrating element. 

2. Description of the Prior Art: 

[0002] A typical example of the conventional piezoe- 
lectric vibratory parts feeders comprises, as shown in 
Fig. 1 , a bowl 2 adapted to accommodate therein a large 
number of parts for supply and discharge the parts while 
exerting vibration to the bowl, a vibrating unit 4 provided 
with a piezoelectric vibrating element for driving the bowl 
2 at a predetermined resonance frequency, and a pie- 
zoelectric driving control system 5 for driving the vibrat- 
ing unit 4. This piezoelectric vibratory parts feeder is 
adapted to electrically detect a vibration amplitude of the 
bowl 2 by an amplitude sensors 6 such as, for example, 
a photoelectric transducer and a piezoelectric element, 
feed it back to the piezoelectric driving control system 
5, and control the electric current or voltage for driving 
the bowl 2 to drive the bowl at a constant amplitude at 
any time. 

[0003] Since this method requires the amplitude sen- 
sor 6 to detect the vibration of the bowl 2, the construc- 
tion of the system becomes complicated, the number of 
components increases, and also the cost becomes high. 
[0004] Another system is proposed, as disclosed in 
Japanese Patent Applications, KOKAI (Early Publica- 
tion) No. JP,7-60187,A and No. J P, 10-49237, A, to per- 
form predetermined operation or processing based on 
a signal obtained from an electric current detector or a 
voltage detector connected to a driving circuit, thereby 
controlling the driving signal of the driving circuit of a 
piezoelectric vibrating element without using a special 
amplitude sensor. 

[0005] Although it is not necessary to provide a spe- 
cial amplitude sensor in the case of this method, it re- 
quires controlling of additional operation, processing, 
etc. in order to detect the current value or the like atthe 
time of driving thereby controlling the vibration of the vi- 
brating unit 4. Consequently, a control system becomes 
complicated with size of the apparatus increased, and 
also the cost becomes high. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is, therefore, 
to provide a method of and an apparatus for controlling 
a piezoelectric vibratory parts feeder with simple con- 
struction and enabling accurate vibration. 
[0007] In accordance with one aspect of the present 



invention, there is provided a method of controlling a pi- 
ezoelectric vibratory parts feeder which comprises a pi- 
ezoelectric vibrating unit provided with a piezoelectric 
vibrating element that vibrates at a predetermined fre- 
5 quency, a bowl adapted to discharge parts accommo- 
dated therein by means of the piezoelectric vibrating 
unit, a driving circuit for driving the piezoelectric vibrat- 
ing element, and a control unit for outputting a driving 
signal to the driving circuit to cause a predetermined. 
10 ^driving. The method comprises idling the driving of the' 
piezoelectric vibrating element temporarily at every pre- 
determined driving cycles of the piezoelectric vibrating 
element and controlling vibration of. the piezoelectric vi- 
brating element based on a signal obtained from the pi- 
's ezoelectric vibrating element mentioned above by its pi- 
ezoelectric effect during the idling period, for instance, 
based on a phase difference between a waveform of this 
signal and the driving signal of the driving circuit men- 
tioned above. 

20 [0008] In a preferred embodiment, a resonance fre- 
quency of the piezoelectric vibratory parts feeder is pre- 
viously measured before it is controlled. When the 
measurement of the resonance frequency is made, the 
piezoelectric vibrating element is driven by the driving 
25 circuit mentioned above, the driving by the driving circuit 
is temporarily idled at every predetermined driving cy- 
cles, and the signal obtained from the piezoelectric vi- 
brating element by its piezoelectric effect is measured 
during the idling period. The frequency at which the sig- 
30 nal becomes maximum is assumed as a resonance fre- 
quency. Then, the piezoelectric vibrating element is driv- 
en by the driving circuit at the obtained resonance fre- 
quency, and the driving by the driving circuit is tempo- 
rarily idled at every predetermined driving cycles. During 
35 the idling period, a signal obtained from the piezoelectric 
vibrating element by its piezoelectric effect, a phase dif- 
ference between a waveform of this signal and the driv- 
ing signal of the driving circuit mentioned above, and the 
resonance frequency mentioned above are stored in a 
<o storage element. When the piezoelectric vibrating unit 
is driven, it is driven at the resonance frequency stored. 
Furthermore, the control of the piezoelectric vibrating el- 
ement is carried out in such a way that the phase differ- 
ence between the waveform of the signal obtained by 
^5 the piezoelectric effect and the driving signal of the driv- 
ing circuit becomes equal to the stored phase difference 
mentioned above. 

[0009] In accordance with a second aspect of the 
present invention, there is provided a system for con - 
50 trolling a piezoelectric vibratory parts feeder. This sys- 
tem comprises a piezoelectric vibrating unit provided 
with a piezoelectric vibrating element that vibrates at a 
predetermined frequency, a bowl adapted to discharge 
, parts accommodated therein by means of the piezoe- 
55- lectric vibrating unit, a driving circuit for driving the pie- 
zoelectric vibrating element, a control unit for outputting 
.! a driving signal to the driving circuit to cause a. prede- 
termined driving and temporarily idling the driving of the 
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piezoelectric vibrating element at every predetermined 
driving cycles of the piezoelectric vibrating element, a 
signal detecting means for detecting a waveform of a 
signal obtained from the piezoelectric vibrating element 
by its piezoelectric effect during the idling period, a 
phase difference detecting means for detecting a phase 
difference between the waveform of the signal obtained 
by the. signal detecting means and the driving signal 
waveform of the driving circuit, and a vibration control- 
ling means for controlling vibration of the piezoelectric 
vibrating element based on the phase difference ob- 
tained by the phase difference detecting means. 
[0010] In this specification, the signal mentioned 
above indicates a voltage or an electric current When 
the signal indicates a voltage, the term "signal" involves 
a voltage waveform, a driving voltage, a voltage detect- 
ing means, arid a driving voltage waveform. When the 
signal is an electric current, it involves a current wave- 
form, a driving current, a current detecting means, and 
a driving current waveform. 

[0011] The method of and the apparatus for control- 
ling the piezoelectric vibratory parts feeder as construct- 
ed above are capable of accurately detecting the vibra- 
tion by utilizing the piezoelectric vibrating element itself 
as a sensor, without using a special amplitude sensor 
that detects the amplitude of the piezoelectric vibrating 
unit, so that the construction thereof can be remarkably 
simplified. Moreover, since the resonance frequency of 
the parts feeder is once measured and stored and the 
parts feeder is operated based on the stored resonance 
frequency and other signals or the data of phase differ- 
ence, it is possible to drive the parts feeders on their 
respective optimal driving conditions. Since the reso- 
nance frequency can be measured again even when the 
construction of the parts feeder is changed, it is possible 
to drive the parts feeder always at suitable conditions. 



bodiment mentioned above; and 
Fig. 6 is graph showing a driving waveform of the 
piezoelectric vibratory parts feeder according to the 
embodiment mentioned above. 



DETAILED DESCRIPTION OF THE PREFERRFD 
EMBODIMENTS ~ 



BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] Other objects, features, and advantages of the 
invention will become apparent from the following de- 
scription taken together with the drawings, in which: 

. Fig. 1 is an schematic view showing a method of 
controlling a conventional parts feeder; 
Fig. 2 is a diagramatical perspective view illustrating 
a conventional piezoelectric vibratory parts feeder 
incorporating therein a control system according to 
the present invention; 

Fig. 3 is a schematic block diagram of a control sys- 
tem of a piezoelectric vibratory parts feeder accord- 
ing to one embodiment of the present invention; 
Fig. 4 is a flow chart showing the control sequence 
of the piezoelectric vibratory parts feeder according 
to the embodiment mentioned above; 
Fig. 5 is graph showing the relation between a res- 
onance frequency and an amplitude of the piezoe- 
lectric vibratory parts feeder according to the em-' 



[0013] Referring to 'the drawings, Fig. 2 illustrates an 
10 embodiment of a piezoelectric vibratory parts feeder 1 0 
provided with, a control apparatus 40 according to the 
present invention. The parts feeder is substantially the 
same in construction as The' conventional parts feeder. 
Briefly stated, the parts feeder 10 comprises a bowl 12 
is provided with a side wall having a spiral parts feed track 
13 formed on the inner peripheral surface thereof in the 
form of the gently upwardly sloping surface and a plu- 
rality of plate springs 15 functioning as elastic support- 
ing means and attached at their upper ends to the un- 
20 derside of the bowl 12 with a predetermined angle 
formed therebetween. The lower ends of the respective 
plate springs 15 are directly connected to the upper' 
ends of the corresponding piezoelectric vibrating ele- 
ments 16. The lower ends of the piezoelectric vibrating 
25 elements 16 are secured to a base portion 17 at the 
same angle as the upper ends thereof. The piezoelectric 
vibrating elements 16 oscillate or vibrate when an elec- 
tric power form a power supply is intermittently supplied 
to the piezoelectric vibrating elements 16. The oscilla- 
te tion or vibration of the piezoelectric vibrating elements 
16 is transmitted via the plate springs 1 5 to the bowl 12 
of the parts feeder 10. The base portion 17 is fixedly 
mounted on the floor surface via cushioning or damping 
members 18. The piezoelectric vibrating elements 16 
35 jointly form a main portion of a piezoelectric vibrating 
unit 14 for vibrating the bowl 12. The operation of the 
parts feeder is described, for example, in U.S. Pat. No. 
5,472,079 issued Dec. 5, 1995 to Vagi et aL, the teach- 
ings of which are hereby incorporated by reference. 
40 [0014] Now, the control apparatus 40 for driving the 
piezoelectric vibrating elements 16 is explained below 
with reference to Fig. 3. Each of the piezoelectric vibrat- 
ing eiements 1 6 is connected to a driving circuit 20 com- 
prising an electric power amplifier etc., and the driving 
45 circuit 20 is connected to a control unit 22 comprising a 
microcomputer which outputs a driving signal for the pi- 
ezoelectric vibrating element 1 6. Further, the piezoelec- 
tric vibrating element 16 is connected to a voltage de- 
tecting circuit 24 for detecting a voltage generated in the 
50 electrode of the piezoelectric vibrating element, and an 
output terminal of the voltage detecting circuit 24 is con- 
nected to an input terminal of an A/D converter of the 
control unit 22. 

[0015] To the control unit 22, an amplitude setting cir- 
55 cuit 26 for adjusting an amplitude of the piezoelectric 
vibrating element 16 through the medium of the driving 
circuit 20 is connected. Besides, a mode setting circuit 
28 for shifting the driving mode of the parts feeder 10 
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from an adjustment mode to an operation mode and vice 
versa is connected to the control unit 22. Further, the 
control unit is provided with a storage element 30, such 
as a nonvolatile memory, for storing data such as a pre- 
determined voltage value, a phase difference, and afre- 
quency and for outputting the data to the control unit 22 
and inputting the data therefrom. 
[0016] The driving method and the controlling method 
of the piezoelectric vibratory parts feeder 10 of this em- 
bodiment are as follows. First, as shown in Fig. 4 
through Fig. 6, a power supply is switched on and the 
driving mode of the piezoelectric vibratory parts feeder 
10 is selected by the mode setting circuit 28. Usually, a 
resonance frequency of the piezoelectric vibratory parts 
feeder 1 0 is measured and stored therein at the time of 
shipment of the piezoelectric vibratory parts feeder 10. 
Further, since the resonance frequency changes when 
the natural frequency of the vibration system is changed 
by exchanging the bowl 12 or other component part 
thereof for another, the resonance frequency is meas- 
ured under the adjustment mode and stored therein. 
[0017] Since an amplitude becomes maximum at the 
resonance frequency in the piezoelectric vibrating unit 
14, as shown in Fig. 5, its frequency is swept without 
changing a driving voltage, and the frequency at which 
the amplitude becomes maximum is assumed as the 
resonance frequency. In the measurement of the reso- 
nance frequency, the piezoelectric vibrating element 16 
is driven by the driving circuit 20, the driving by the driv- 
ing circuit 20 is temporarily idled at every predetermined 
driving cycles, and a voltage obtained by the piezoelec- 
tric effect of the piezoelectric vibrating element 16 is 
measured during the idling period. The frequency at 
which the voltage becomes maximum is assumed as the 
resonance frequency. This operation for measuring the 
resonance frequency is performed automatically ac- 
cording to a predetermined program. The amplitude of 
the piezoelectric vibrating unit 14 when driven at the res- 
onance frequency is set by the amplitude setting circuit 
26. 

[0018] Next, the driving mode is switched to the oper- 
ation mode by the mode setting circuit 28. The piezoe- 
lectric vibrating element 1 6 is driven by the driving circuit 
20 with the resonance frequency and amplitude set and, 
as shown in Fig. 6, the driving by the driving circuit 20 • 
is idled temporarily for a period of one cycie or 1 .5 cy- 
cles, for example, at every predetermined cycles, for ex- 
ample, 50 cycles, A voltage obtained from the piezoe- 
lectric vibrating element 16 by its piezoelectric effect 
during the idling period is detected by the voltage de- t 
tecting circuit 24 and outputted to the control unit 22. In 
the control unit 22, A/D conversion of the voltage wave- 
form obtained by the voltage detecting circuit 24 is per- 
formed and a phase difference between this voltage 
waveform and a waveform of a driving signal for driving t 
the driving circuit 20 and serving as the exciting force is 
calculated. Furthermore, the above resonance frequen- 
cy, the wave height of the voltage waveform at that fre- 



quency, and the above-mentioned phase difference are 
stored in a storage element 30. 

[0019] Then, in the operation of the piezoelectric vi- 
bratory parts feeder 1 0 the mode is set at the operation 
5 mode by the mode setting circuit 28. The wave height 
of the driving voltage and the resonance frequency 
stored in the storage element 30 during the adjustment 
mode are read out and the control unit 22 drives the pi- 
ezoelectric vibrating element 16 with these values 
10 through the medium of the driving circuit 20. During this 
mode, the driving by the driving circuit 20 is idled tem- 
porarily for a period of one cycle or 1 .5 cycles, for ex- 
ample, at every predetermined cycles, for example, 50 
cycles. The piezoelectric vibrating element 16 gener- 
is ates a voltage by its piezoelectric effect during this idling 
period, and this voltage is detected by the voltage de- 
tecting circuit 24 and outputted to the control unit 22. In 
the control unit 22, A/D conversion of the voltage wave- 
form obtained by the voltage detecting circuit 24 is per- 
?o formed, and a phase difference between this voltage 
waveform and a waveform of the driving signal as the 
exciting force for driving the driving circuit 20 is calcu- 
lated. And a vibrating frequency of the piezoelectric vi- 
brating element 16 is controlled in such a way that the 
25 phase difference between the voltage waveform ob- 
tained from the piezoelectric vibrating element 16 and 
the driving voltage of the driving circuit 20 becomes 
equal to the above-mentioned phase difference stored 
during the adjustment mode. This control is continued 
30 during operation of the piezoelectric vibratory parts 
feeder 10. 

[0020] According to the method and apparatus for 
controlling the piezoelectric vibratory parts feeder of this 
embodiment, the mechanical vibration of the piezoelec- 
35 j trie vibrating element 1 6 is detected by the piezoelectric 
J vibrating element 16 itself owing to the temporary pause 
jlof driving voltage and converted into an electric signal, 
'and the detected signal is sent to the control unit 22. It 
; is therefore possible to perform the amplitude detection 
40 land drive control accurately, without using the special 
i sensor for detecting the amplitude. Further, since the pi- 
ezoelectric vibrating element 16 itself serves as a sen- 
sor, the construction is simple and the detected signal 
is very accurate. Moreover, there is no problem in the 
45 driving of the piezoelectric vibrating unit 14 because it 
vibrates by inertia even if the driving of the piezoelectric 
vibrating element 16 is temporarily idled. 
[0021] Further, since the adjustment mode and the 
operation mode are interchangeable and in the adjust- 
>o ment mode the parts feeder 10 can be adjusted to the 
optima! resonance frequency as required. Therefore, 
the parts feeder can always be driven in an appropriate 
state. 

[0022] Incidentally, in a case where the parts feeder 
is of a self-excited vibration type, an accurate vibration 
can be attained if a frequency is controlled so that the 
phase of the voltage obtained from the piezoelectric vi- 
brating element 16 becomes the same phase as that 
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obtained at the time of resonance frequency measure- 
ment. In a case where the parts feeder is of a separately 
excited vibration type, a user sets a frequency at a pre- 
scribed value, in this case, an accurate control of the 
resonance frequency can also be performed by detect- 
ing the phases of the vibrating voltage of the piezoelec- 
tric vibrating element and the driving voltage. 
[0023] It should be noted that the present invention is 
not limited to the embodiments as described above and 
any modifications thereof may be made. For instance, 
the operation idling period may be set suitably at any 
period so long as it does not substantially affect the driv- 
ing of the parts feeder 10. Furthermore, the aforemen- 
tioned control can be performed by current detection as 
well in the same way as the above method employing 
detection of the voltage obtained by the piezoelectric ef- 
fect of the piezoelectric vibrating element 16. The 
present invention is applicable not only to the parts feed- 
er having a bowl but also to any apparatus for supplying 
parts by using the piezoelectric vibrating element. The 
described embodiments are therefore to be considered 
in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes which come within the meaning and range of 
equivalency of the claims are, therefore, intended to be 
embraced therein. 



Claims 30 

1. A method of controlling a piezoelectric vibratory 
parts feeder which comprises a piezoelectric vibrat- 
ing unit provided with a piezoelectric vibrating ele- 
ment that vibrates at a predetermined frequency, a 35 
driving circuit for driving said piezoelectric vibrating 
element, and a control unit for outputting a driving 
signal to said driving circuit to cause a predeter- 
mined driving, comprising the steps of: 

40 

idling the driving of said piezoelectric vibrating 
element temporarily .at every predetermined 
driving cycles of said piezoelectric vibrating el- 
ement; and 

controlling vibration of said piezoelectric vibrat- 45 
ing element based on a signal obtained from 
said piezoelectric vibrating element by its pie- 
zoelectric effect during a period of said idling. 

2. The method set forth in claim 1 , wherein said vibra- 50 
tion of said piezoelectric vibrating element is con- 
trolled based on a phase difference between a 
waveform of said signal obtained from said piezoe- 
lectric vibrating element by its piezoelectric effect 
during said idling period and the driving signal of ss 
said driving circuit. 

3. The method set forth in claim 2, wherein said con- 



trolling is performed by previously measuring a res- 
onance frequency of said piezoelectric vibratory 
parts feeder, driving said piezoelectric vibrating el- 
ement at said resonance frequency by said driving 
circuit, temporarily idling the driving by said driving 
circuit at every predetermined driving cycles, stor- 
ing said phase difference between the waveform of 
said signal obtained from said piezoelectric vibrat- 
ing element by its piezoelectric effect during said 
idling period and the driving signal of said driving 
circuit and said resonance frequency in a storage 
element, and driving said piezoelectric vibrating unit 
at the stored resonance frequency when it is driven. 

The method set forth in claim 2 or 3, wherein meas- 
urement of said resonance frequency of said piezo- 
electric vibratory parts feeder is performed by driv- 
ing said piezoelectric vibrating element by said driv- 
ing circuit, idling the driving by said driving circuit 
temporarily at every predetermined driving cycles, 
measuring a signal obtained from said piezoelectric 
vibrating element by its piezoelectric effect during a 
period of said idling, and assuming a frequency at 
which said signal becomes maximum as said reso- 
nance frequency. 

The method set forth in claim 3, wherein said pie- 
zoelectric vibrating unit is controlled in such a way 
that said phase difference between the waveform 
of the signal obtained by said piezoelectric effect 
and the driving signal of said driving circuit becomes 
equal to the stored phase difference. 

The method set forth in any one of claims 1 to 5, 
wherein said idling period is one cycle or 1 .5 cycles 
of said driving cycles. 

An apparatus for controlling a piezoelectric vibrato- 
ry parts feeder, comprising: 

a piezoelectric vibrating unit provided with a pi- 
ezoelectric vibrating element that vibrates at a 
predetermined frequency; 
a bowl adapted to discharge parts accommo- 
dated therein by means of said piezoelectric vi- 
brating unit; 

a driving circuit for driving said piezoelectric vi- 
brating element; 

a control unit for outputting a driving signal to 
said driving circuit to cause a predetermined 
driving and temporarily idling the driving of said 
piezoelectric vibrating element at every prede- 
termined driving cycles of said piezoelectric vi- 
brating element; 

a signal detecting means for detecting a wave- 
form of a signal obtained from said piezoelectric 
vibrating element by its piezoelectric effect dur- 
ing a period of said idling; 
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a phase difference detecting means for detect- 
ing a phase difference between the waveform 
of said signal obtained by said signal detecting 
means and a waveform of said driving signal of 
said driving circuit; and 5 
a vibration controlling means for controlling vi- 
bration of said piezoelectric vibrating element 
based on the phase difference obtained by said 
phase difference detecting means. 

10 

8. The apparatus set forth in claim 7, wherein said sig- 
nal detecting means is a voltage detecting circuit. 

9. The apparatus set forth in claim 7 or 8, wherein said 
control unit is provided with an amplitude setting cir- 15 
cuitfor adjusting an amplitude of said piezoelectric 
vibrating element through the medium of said driv- 
ing circuit, a mode setting circuit for shifting the driv- 
ing mode of said parts feeder from an adjustment 
mode to an operation mode and vice versa, and a 20 
nonvolatile memory for storing data. 

10. A method of controlling a vibratory parts feeder, the 
parts feeder comprising a piezoelectric vibrating 
unit provided with a piezoelectric vibrating element, 25 
a driving circuit for driving said piezoelectric vibrat- 
ing element, and a control unit for outputting a driv- 
ing signal to said driving circuit to drive the piezoe- 
lectric vibrating element, the method comprising: 

30 

temporarily idling the driving of said piezoelec- 
tric vibrating element for a period of time; 
obtaining a signal from the piezoelectric vibrat- 
ing element during the idling period; and 
controlling vibration of said piezoelectric vibrat- 35 
ing element based on the signal obtained from 
said piezoelectric vibrating element during an 
idling period 

11. An apparatus for controlling a piezoelectric vibrato- 40 
ry parts feeder, comprising: 

a piezoelectric vibrating unit provided with a pi- 
ezoelectric vibrating element; 
a driving circuit for driving said piezoelectric vi- 45 
brating element; 

a control unit for outputting a driving signal to 
said driving circuit to drive said piezoelectric vi- 
brating element, and to temporarily idle said 
drive of said piezoelectric vibrating element; so 
a signal detecting means for detecting a wave- 
form of a signal obtained from said piezoelectric 
vibrating element during an idling period; 
a phase difference detecting means for detect- 
ing a phase difference between the waveform 55 
of said signal obtained by said signal detecting 
means and a waveform of said driving signal of 
said driving circuit during a drive mode; and 



a vibration controlling means for controlling vi- 
bration of said piezoelectric vibrating element 
based on the phase difference detected by said 
phase difference detecting means. 
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